SUMMARY Eight patients (different families) with syncopal attacks and a long QT interval in the ECG died suddenly. Five heard normally and three were born deaf. At postmortem examination of all eight hearts the single consistent abnormality was focal neuritis and neural degeneration within the sinus node, A-V node, His bundle and ventricular myocardium. Although the etiology of this intracardiac neural disease is uncertain, a chronic viral infection or some noninfectious degenerative process are among the plausible causes discussed. If intracardiac neuritis and neural degeneration prove to be a IN 1957 Jervell and Lange-Nielsen first described an unusual syndrome found among several Norwegian siblings, each of whom was born deaf.' Other salient features included recurring syncope, a bizarre electrocardiogram (ECG) characterized by a very long QT interval, and sudden and unexpected death. After numerous studies, they concluded that the syncope and sudden death were probably of cardiac origin although postmortem examination of one heart was reported as negative. In 1958 Levine and Woodworth2 described the same clinical findings and negative autopsy findings in an American deaf child who had the same unusual ECG, but they concluded (probably incorrectly) that the syncopal attacks could not have been caused by the heart. A third study was conducted in 1964 to determine the incidence of this distinctive syndrome among deaf children, and for the first time the conduction system of the heart was examined in two fatal cases.3 In both hearts there was abnormal thickening of the sinus node artery and focal degeneration including neural elements in and around the sinus node. While such findings did not explain the QT prolongation, they did introduce a possible cause for electrical instability of the heart and led to an emphasis on the probable cardiac etiology for both the syncopal attacks and sudden death.3
IN 1957 Jervell and Lange-Nielsen first described an unusual syndrome found among several Norwegian siblings, each of whom was born deaf.' Other salient features included recurring syncope, a bizarre electrocardiogram (ECG) characterized by a very long QT interval, and sudden and unexpected death. After numerous studies, they concluded that the syncope and sudden death were probably of cardiac origin although postmortem examination of one heart was reported as negative. In 1958 Levine and Woodworth2 described the same clinical findings and negative autopsy findings in an American deaf child who had the same unusual ECG, but they concluded (probably incorrectly) that the syncopal attacks could not have been caused by the heart. A third study was conducted in 1964 to determine the incidence of this distinctive syndrome among deaf children, and for the first time the conduction system of the heart was examined in two fatal cases.3 In both hearts there was abnormal thickening of the sinus node artery and focal degeneration including neural elements in and around the sinus node. While such findings did not explain the QT prolongation, they did introduce a possible cause for electrical instability of the heart and led to an emphasis on the probable cardiac etiology for both the syncopal attacks and sudden death. 3 Two related reports were published by Romano and his colleagues in 19634 and by Ward in 19645 describing all the features given above but occurring in children who heard prevalent finding among other victims dying from the long QT syndromes, further consideration should be given to whether there is any genuine hereditary component in the pathogenesis. Because of the asymmetrical and focal distribution of the cardioneural lesions, the response to present forms of medical or surgical treatment of the long QT syndromes may vary from benefit to harm. Until more is known of the true etiology of the neural disease, treatment will probably remain empirical in nature and should be conducted with cautious clinical observation.
normally. More significantly, they documented that ventricular arrhythmias coincided with the spells in these children with long QT intervals. Since then, there have been several hundred clinical reports from all over the world describing the association of syncope, sudden death and a long QT interval with paroxysms of ventricular arrhythmias in patients who were either deaf or heard normally.
Although these long QT syndromes have been the subject of intensive continuing biochemical, genetic and neurophysiological research, the fundamental explanation has remained elusive. In the present report we will describe the postmortem cardiac findings from eight such patients (none related to the other) who had syncopal attacks and the characteristically bizarre ECG, and who died suddenly. Three were born deaf but five heard normally. Special attention was directed in each heart to the sinus node, atrioventricular (A-V) node and His bundle with its branches, their specific nutrient blood supply, and to the nerves and ganglia in and near these specific structures as well as in the ventricular myocardium. Based on these observations we wish to consider further the mechanisms by which the syndrome may be produced. A six-year-old girl lost consciousness while swimming but was rescued and resuscitated. She could hear normally. Over the next several years she had many such spells, most of them during physical exertion or excitement. On at least two occasions no pulse could be felt, and at another time the pulse was found to be 30/min. The QT interval was long ( fig.  4 ). Her EEG was either normal or minimally abnormal on a number of examinations. No siblings, neither parent and no known relatives had such episodes of unconsciousness, and none was deaf. At the age of nine she died during a typical attack.
On postmortem examination there was marked pulmonary edema but no other significant abnormalities except in the heart. No abnormalities were found in the brain. In and around the sinus node, the internodal pathways, the A-V node and His bundle, and in the ventricular myocardium there were numerous foci of recent and older degeneration, nearly all of which were accompanied by distinct ab- . ! r > -t t + t 1 -; --: T --> --g normalities outside the heart. The brain was normal. Gross examination of the heart was normal. Focal degeneration in and around the sinus node, A-V node and His bundle and in the internodal pathways was centered about the degeneration of nerves and ganglia of those regions (figs. 6 and 7). Similar neural lesions were present within the interventricular septum and elsewhere in the ventricular myocardium. companied by round cell infiltration; each area contained neural elements ( fig. 9 ). This process did not appear to involve the sinus node as extensively as it did the rest of the heart.
Case 5 An eleven-year-old boy became acutely ill with headache and vomiting. Later that day he fell unconscious and was found apneic, requiring active resuscitation. On his admission to a hospital the diagnosis of meningitis was suspected but quickly disproved. An ECG was-being recorded because of bradycardia when an episode of transient ventricular arrhythmia appeared ( fig. 10 ). There was a prolonged QT interval. Several additional episodes of ventricular arrhythmia were documented, some coinciding with episodes of unconscious but others being too brief for that. He was discharged to his home on antiarrhythmic medication, but died during sleep several weeks later. A sister had died at the age of 8 years during a spell of unconsciousness which developed while playing. Two first cousins had multiple sclerosis and another had paroxysmal atrial tachycardia, but there was no deafness in the family. Postmortem examination provided no explanation for either the initial illness or the sudden death except in the heart. Focal degeneration was prominent within and near the sinus node and conspicuously contained both nerves and ganglia within the process ( fig. 11 ). There was thickening and moderate narrowing of the lumens of branches of both the sinus node artery and the A-V node artery. Neuritis and neural degeneration were present in the ventricular myocardium as well as in the vicinity of all elements of the conduction system. Case 6 A twelve-year-old congenitally deaf girl died suddenly during the last of many spells which began when she was only 1 1/2 years old. The attacks occurred usually during exercise or at times of emotional stress, and were characterized by some convulsions and urinary incontinence. During the terminal episode no pulse was palpable. Preliminary observations on this child were published at a time when she was still alive, and the ECG illustrating her prolonged QT interval appears as figure 2 in that report.3 An initial postmortem study of her heart demonstrated some focal degeneration of the sinus node including a few neural elements.8 On reexamination of the heart for the purposes of the present report, the neuropathological changes are more extensive and occurred in ventricular myocardium and the internodal A fourteen-year-old girl who was born deaf died during the last of many syncopal attacks. Some clinical details concerning her have been published and the long QT interval of her ECG is illustrated in figure I of that report. 3 As in the preceding example in a deaf child, the initial postmortem examination recognized but failed to appreciate the extent of neuropathological abnormalities in the heart. These have now been clearly defined on re-examination for the purposes of the present report (figs. 14 and 15 
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,., In every heart the neural lesions were focal in distribution, and many normal appearing nerves and ganglia could be found. However, neuritis and neural degeneration were present in all eight hearts. In addition, many periarterial areas of fat or fibrosis suggested that previous neuritis had been present and was now healed by scarring. The inflammatory cells were predominantly lymphocytes with a few plasma cells. As would be expected on the basis of anatomical distribution of nerves in the heart, the focal neuropathology was found most often in and near the sinus node, A-V node, and internodal pathways, as well as adjacent to the arterial branches within the ventricles and in the epicardium. While proximity of inflammation to arteries was seen, it was clear that the lesions were neuritis and not arteritis. There was focal fibrosis and round cell infiltration of the pericardium but no fibrinous or frankly inflammatory pericarditis. In all eight hearts the cardiac valves were grossly and histologically normal. No granulomata or any type of abnormal deposits, such as amyloid or PAS-positive material, were found in any of the hearts.
Focal degeneration present in the conduction system of each heart varied in extent but on careful study appeared to be related consistently to local neural lesions. Earlier suggestions that Purkinje cells within the bundle branches might be intrinsically abnormal3 are not borne out by the present studies. Some structural features such as narrowed small arteries, persistent fetal dispersion of the A-V node or ECG and recurring syncopal attacks ending in sudden death, the single consistent abnormality in all eight hearts was a focal inflammatory degeneration of nerves and ganglia. This was equally true of males and females, was independent of their age at death or at onset of their illness or of duration of symptoms, and was equally present in those with normal hearing and those born deaf. Although there have been reasons to suspect that a neural abnormality contributed to the pathogenesis of cardiac electrical instability in subjects with long QT intervals,9 12 it has not been clear whether this was due to some process in the brain or in the extracardiac autonomic nerves or in the heart itself. To our best knowledge this is the first demonstration among such patients of structural abnormalities within the nerves in the heart itself, although earlier observations had taken Most of the same objections may be raised concerning hypothetical toxic noninfectious agents as a cause for the cardiac neural degeneration, or for the possible lack of some essential dietary element. But it must be admitted that no methodical search for such an explanation has yet been conducted. There are toxic agents which can cause chronic neural degeneration, and some of these (lead, for example) are notoriously important in childhood poisoning. As with the possibility of a chronic infection, we believe that a noninfectious toxic neuropathy merits further investigation, not VOL 57, No 
If one found that an infection or some poison was indeed the explanation for the cardiac neuropathology and for the electrical instability of the heart, how could it be related to the cases associated with congenital deafness? Of course, the same virus or toxin might be additionally selective for the eighth cranial nerve. However, it is also possible that the congenital deafness has been a misleading clinical accompaniment which is so easily identified and impressive but etiologically completely unrelated. Fraser and his colleagues have emphasized the heterogeneous nature of congenital deafness and the wide spectrum of syndromes in which it is found.'3 As attention to the long QT syndromes generally has grown throughout the world, it is now apparent that victims who hear normally greatly outnumber those who are deaf. One might attribute this simply to a difference in the heritable process, the syndrome with deafness being transmitted as an autosomal recessive trait and that without deafness as an autosomal dominant trait. On the other hand, the autosomal recessive feature may simply be characteristic of the deafness and have nothing to do with the cardiac problem. Doubt about the hereditary nature of the long QT syndromes was previously raised when examples occurring both with and without deafness within the same family were found.8', 14 Furthermore, the determination of autosomal recessive or dominant transmission requires accuracy of family history for several generations and the presence of an unchanging characteristic (e.g., blue eyes). Both of these requirements are lacking in much of the accumulated evidence for a hereditary etiology. The one thing all observers of patients with long QT syndromes have found is a wide variability in both the clinical and electrocardiographic severity and persistence of either the spells or the ECG abnormality.
Having criticized the hypothesis of heritable transmission of the long QT syndromes, we must yet concede that it might be the true explanation either entirely or in part. As an entire explanation, one might postulate that a selective cardiac neural degenerative process was inherited. The prevalence in children, the occurrence (sometimes) in family aggregates, and the knowledge that the postnatal period and early childhood are the times of maturation of normal adrenergic neural control of the heart all support this possibility. As a partial explanation, one could postulate that either an infection or a poison was the cause of the cardiac neural degeneration but that most are born with a natural resistance to this and only those with an inherited susceptibility become afflicted.
Many have observed that the long QT syndromes may last for years, but that in those patients who survive long enough the frequency of syncopal attacks tends to diminish and the ECG tends to become normal or nearly so. If the fundamental fault is heritable, the spontaneous regression of symptoms among survivors would suggest that it is self-limiting even though it may be fatal while active. If the fundamental fault is a chronic infection, then either the infection soon terminates or the patient moves away from the source of continuing re-infection; this would fit well with the prevalence in childhood and tendency to wane later when children leave the home. The same consideration could apply to the hypothetical noninfectious toxin, surviving subjects having agent. Each of these possibilities is readily subject to future investigation and either proof or disproof.
Whatever the etiology of the cardiac neural disease may be, it could offer the entire explanation for electrical instability of the heart. Nearly all patients with the long QT syndromes suffer their attacks either predominantly or exclusively during periods of emotional or physical stress, exactly when neural influence on the heart is especially active. Although it is uncertain how many of the observed neural lesions were in sympathetic as compared to vagal nerves, it is the adrenergic neural control of the heart which may be the more functionally important derangement in these patients, even though vagal neuropathy could contribute to this imbalance. Experimental evidence has been presented demonstrating that asymmetrical sympathetic neural control causes marked distortion of myocardial repolarization,9' 1 and clinical application of this information has led to the successful treatment of some subjects with a long QT syndrome by stellate ganglionectomy.1" Adrenergic neural control is essential to the maintenance of a normal sinus rate, but escape A-V junctional rhythm is even more dependent on adrenergic neural input." In fact, in the absence of adrenergic neural control, A-V junctional escape rhythm emerges slowly and erratically and may fail altogether. Sinus bradycardia is a distinctive feature of the clinical presentation of many patients with long QT syndromes, and this has been attributed to the observed focal degeneration within the sinus node.3' 8 However, it would now appear that the more impressive disease of the nerves may not only be the cause of sinus bradycardia but also that the focal degeneration is actually neural in nature even within the sinus node. Many of the degenerating nerves found in the ventricular myocardium must be sympathetic and their focal destruction would readily explain the abnormal myocardial repolarization seen as QT prolongation and T wave distortion. Furthermore, the apparent progressive nature of the neural disease could explain the waxing and waning of the electrophysiological abnormality, since different nerves would be involved at different times and thereby vary the asymmetrical neural influence randomly.
All the hearts in the present postmortem study had some active neuritis. This may mean that continuing neural inflammation of this nature is a lethal process. Patients who once have a long QT syndrome but survive and "outlive" it may be examples of spontaneous subsidence of the neuritis, whatever its cause, but it is difficult to know how one might determine whether this is true or not. It is surprising that all these fatal cases had active neural degeneration, since uneven destruction of cardiac nerves could leave their influence asymmetrical in nature even after the active destruction ended.
One suggested explanation for the apparent adrenergic neural asymmetry in the heart was some form of dysautonomia or other functional derangement within the brain rather than the heart." Now Both phenobarbital and Dilantin have been utilized for a misdiagnosis of epilepsy, as well as for their possible effects on cardiac electrical stability. Whatever the rationale, there is no question that some subjects respond well to either of these medications and the success is apparent both objectively (the QT interval shortens to normal) and subjectively (the spells stop). Other patients have not responded well to either of these medications, but we know of no way to predict response short of therapeutic trial. In view of the relative harmlessness and comparative inexpensiveness of these two medications, they merit careful trial early in any patient with a long QT syndrome. Whether their successful effect is more due to action on the central nervous system or on the heart, or necessarily on both, is a subject requiring and deserving further investigation.
Since there is strong evidence that adrenergic neural asymmetry is a fundamental problem in patients with long QT syndromes, adrenergic neural blockade seems a straightforward type of treatment. Indeed, guanethidine was quite successful in the treatment of one patient for a time.5 Propranolol has been effective in some patients with the disease, but it has failed completely in others. Actually, the long QT syndromes are not a problem of generalized sympathetic neural activity but one of imbalance, and the administration of either an agonist or antagonist may be harmful. In addition, sinus bradycardia is a frequent feature of the disease. A fundamental difficulty is the focal and erratic distribution of intracardiac neural lesions, and their probable progression at varying speeds. The inhomogeneity of the neural disease could make the pharmacological action on cardiac adrenergic nerves unpredictable and potentially hazardous. The practical conclusion is that propranolol has been reported to help and merits a cautious trial in patients with long QT syndromes, but why it helps is not exactly clear and there are good reasons to anticipate that it will make some patients worse.
Much the same reasoning applies to stellate ganglion blockade or surgical removal. Dramatic success with this proeedure has been documented. 12 Failure to help at all has also been reported." If the damaged nerves responsible for the asymmetry in neural control of the heart can be balanced by blocking sympathetic neural traffic distributed by one or the other stellate ganglia, then clinical circumstances would be expected to improve. However, given the random distribution of the neural disease and its seeming progressive nature, one can readily understand why stellate ganglion blockade might not only fail but make things worse.
Even though the presently available medical or surgical treatments are incompletely successful, we can now better understand how they work when they do. The inflammatory and degenerative neural disease present in every one of these eight hearts raises the possibility that a single etiology may be responsible for syncopal attacks and sudden death in patients with unexplained QT prolongation, whether they are deaf or hear normally. Whether this etiology is heritable or not needs careful study, since some of the more treatable alternative possibilities are not hereditary. One may extend this challenge to a call for more thorough examination of the nerves of the heart in many other diseases characterized by electrical instability and its clinical expressions of syncope and sudden death. With the notable exception of the longstanding and continuing research of Lino Rossi,"7 most have given inadequate attention to the pathological anatomy of the heart's own nervous system. We may find that structural disease of those special nerves plays an important role in the pathogenesis of a variety of disorders of cardiac rhythm, conduction, repolarization and contraction.
